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Abstract—Conceptual models are applied as the first step in soft-
ware design methodologies for collecting the semantics involved in
the universe of discourse. Nevertheless, the abstraction process cre-
ates some misunderstandings for novice designers, such as diffi-
culties in modeling some constructs and in understanding the se-
mantics that they represent. This paper presents a thorough study
of errors detected among Database Design students in Computer
Science Engineering when they apply the abstraction process to
generate a conceptual schema using a specific model. Specifically,
the paper focuses on errors made in the design of ternary rela-
tionships. Some heuristics are proposed in order to help novice de-
signers avoid these common errors, and an experimental study is
presented to compare the number of errors made by the students
before and after applying these heuristics.
Index Terms—Abstraction activities, computer science educa-
tion, data models, conceptual modeling.
I. INTRODUCTION
C ONCEPTUAL modeling is one of the most importantphases in every software development process method-
ology. This phase must reflect the semantics of the problem
domain, and the semantics should comply with two different
requirements: they must be understood by the domain experts,
and they must represent the complete semantics as far as pos-
sible, as it is necessary to keep them in a specific methodology
from one phase to the next. Therefore, the conceptual model
must be able to provide direct mapping without distortion
between the perceived real world and its representation [1].
In general, conceptual models should be easy to learn and
use, intuitive, independent of the implementation, and able
to represent any domain [2]–[4]. However, some experiences
[5]–[7] demonstrate that the use of conceptual models does
not totally fulfill these requirements because the application of
the abstraction process is not trivial. The abstraction process
is defined as the activity of generalization that separates out
what is important for a concept or an observable phenomenon
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in order to retain only the information that is relevant for
a particular purpose. The conceptual model is an important
tool for computer science engineers to acquire because the
abstraction process involved is crucial to solving problems.
In the authors’ experience, conceptual design falls into three
activities: detection, use, and representation. These activities
are performed when modeling the requirements specifications
for the domain of interest. When reading the specifications, as a
first step, the designer tries to map nouns, verbs, and adjectives
with constructs of the model that s/he is using [8]. The choice
of which construct to use is defined in the detection activity.
The definition of the properties of the construct, and how they
are applied according to the domain, is made in the use activity.
The correct use of notations and syntactic rules is defined in the
representation activity.
This article introduces several problems encountered by
Database students analyzing a specific domain using a concep-
tual model. Specifically, the analysis was focused on modeling
ternary relationships because these present several problems
in their detecting, using, and representing [6]. The ternary
relationship is frequently modeled as a combination of binary
relationships, but this solution is not always applicable [3],
[9]–[11]. This paper is focused on conceptual design, which
is one of the most important disciplines in the training of new
computer science engineers within the process of convergence
with the European Space of Higher Education. The results
could also be applied to the topics of database and software
engineering.
The paper is structured as follows. Section II outlines related
work reporting experiences in conceptual modeling. Section III
describes the case study. Section IV describes the first phase
of the study, giving an analysis of the errors made in the mod-
eling of the ternary relationships and proposing some heuristics
in order to help novice designers avoid some common errors in
this process. Section V presents the second phase of the study,
which examined whether the heuristics proposed to help stu-
dents in the conceptual modeling were indeed of use. Finally,
the conclusions of this paper are presented.
II. RELATED WORK
Given that a conceptual schema is a communication tool
among users and designers, simplicity and usability are neces-
sary features. Graphic or visual languages for building schemes
are used to facilitate discussion and validation with domain
experts or users. Moreover, an experimental case [12] demon-
strates how conceptual models should be able to improve the
performance of users in their interaction with software artifacts.
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Several experiments, guidelines, heuristics, and definitions of
metrics have been proposed for the conceptual model. Certain
coarse-grained rules to detect constructs have already been seen
in the most frequently cited studies by Chen [13], [14]. For in-
stance, in a textual requirements specification, an entity or class
could be detected by a noun, an attribute by an adjective, and
a relationship or association by a verb. These approaches are
usually a good starting point for both practitioners and teachers
because they show clear and simple guidelines for detecting
the constructs. Other outstanding approaches are [5] and [6],
which present some experiments focused on detecting the most
difficult constructs for conceptual modeling [15] and list rules
and heuristics to improve the design using this model. These
approaches deal with two basic constructs: the entity1 and the
relationship.2 Specifically, these papers show common errors
when the degree and correspondence for binary and ternary re-
lationships are determined. However, the detected errors only
cover detection and use activities, and cardinality constraints
have never been considered. The work presented in this article
extends these heuristics and takes into account notation errors
and cardinality constraints in ternary relationships.
The proliferation of conceptual models has motivated several
experimental studies about which conceptual model is more
appropriate, such as [16], where the entity/relationship (ER)
model is compared with object-oriented and relational models.
This approach is centered on five constructs (entity, descriptor
or attribute, identifier, relationship, and generalization) and
uses the correctness measure defined by [17] to analyze ex-
periment results. The facets of a relationship were studied in
particular, including reflexive, binary, and ternary relationships,
because relationship is the most significant construct in this
assessment. Moreover, an interesting study carried out by [18]
shows a global comparison between three of the most extended
conceptual models: ER, Unified Modeling Language (UML),
and Object Role Model (ORM). The proposal analyzes the
notation and specified constraints in ER and ORM models, and
establishes a set of mappings that are later used for inclusion
in the UML class diagrams. Two samples are studied in [19]
(researchers and practitioners) to evaluate the quality of the
conceptual modeling scripts from the user perspective, and
the relationships found between researchers and practitioners.
These approaches focus on the representation aspects.
On the other hand, some research has been published as to
which model is easier to apply. In [20], the correlation between
clarity and complexity are explained through different experi-
ments. One of the main conclusions is that the use of complex
constructs does not imply that the resulting diagram will be less
clear. However, [21] studies the evolution of the ER model based
on more than 100 contributions published in the top journals and
demonstrates how the model has been extended to improve its
expressiveness.
Some metrics have been defined to assess the quality of con-
ceptual schemes. A more in-depth study is described in [22].
Twelve metrics are defined, but only six are taken into account
1
“Entity” or “class” will be used interchangeably throughout this paper.
2
“Association” or “relationship” will be used interchangeably throughout this
paper.
because of previous pilot studies that demonstrate their signifi-
cance. The number of entities, relationships, and generalizations
are the main indicators.
To summarize, the research on the conceptual model has cen-
tered on graphical notations [16], definition of metrics [22],
[23], experiments on design errors [6], [17], [24], new defini-
tion of constructs [26], and redefinition of constructs to avoid the
usual design errors [9], [10], [25]. Some of these experimental
approaches were implemented in a CASE tool, as in [26]. All
of them are focused on basic conceptual elements like entities,
attributes, or binary relationships. However, some research pa-
pers [3], [25], [27] reveal that the ternary relationship construct
is more usual than designers believe, but they avoid its use to
simplify the conceptual scheme even though this can involve
semantic loss.
The contribution of the present work is based on an in-depth
study of conceptual design errors in the design of ternary re-
lationships and is made according to three abstraction activi-
ties: detection, use, and representation. The detection of errors
in each activity should lead to the reason for the error. The de-
signer’s lack of experience could be the reason for an error in the
detection process. Semantic mistakes, or an unclear definition of
a conceptual construct, can be the cause of an error when the use
process has occurred. Lastly, a representation error appears to be
due to the lack of standard representation—in other words, the
proliferation of models—for a given conceptual construct. From
an analysis of these errors, the authors propose some heuristics
to improve the student’s skills in modeling. These heuristics are
included in an e-learning platform3 [28] to give students guid-
ance on dealing with ternary relationships.
III. CASE STUDY DESCRIPTION
Computer Science students at Carlos III University of Madrid
learn to model using several conceptual models (EER [15] or
UML [29]). The work described in this paper was carried out
with Database Design students and was divided into two main
steps. First, the results of conceptual design exams from several
semesters (from 2000 to 2005) were gathered in order to analyze
the most common errors made by students. About 250 randomly
selected exams were analyzed. All the exams give a description
of the requirements to be modeled. The solution is a concep-
tual schema with five or six classes, six or seven associations
(both binaries and ternaries), and at least one generalization. The
second step of this work was to define a set of heuristics to be fol-
lowed during the ternary relationships modeling process. These
heuristics were incorporated into a teaching innovation project
supported by Carlos III University within the European Space
for Higher Education framework to test if they proved useful to
students. Lastly, an experimental study is presented that com-
pares the number of errors made by students both before and
after applying the proposed heuristics.
The first analysis examines the difficulties students have
when detecting, using, and representing generalizations and
associations as the main constructs in conceptual models. This
evaluation studies the number of students who failed for each
3http://pid basesdatos.uc3m.es/dadbd08/login.php. Use “invitado” as user
and “invi.tad0” as password for logging in.
2
Fig. 1. Conceptual modeling activities.
abstraction mechanism (Fig. 1), in which activity they failed
(detection, use, or representation), and the reason/s for each stu-
dent’s design errors. After this analysis, a set of expert recom-
mendations (heuristics or guidelines) were defined in order to
avoid these errors in the future. Subsequently, these recommen-
dations were included in an e-learning platform. A set of exams
of 80 students from 2006 and 2007, subsequent to the introduc-
tion of the e-learning platform, was selected in order to analyze
its impact on the students’ designs by evaluating whether these
recommendations help the students avoid some common errors
in their conceptual schemas.
IV. PHASE I: COMMON CONCEPTUAL ERRORS
As shown in Fig. 1, this section analyzes the systematic er-
rors carried out in the abstraction process. The study consists of
a comparison between the teachers’ proposed solutions and the
students’ solutions. Conceptual design errors were categorized
taking into account how many errors were in the representation,
use, or detection process according to the experts’ design cri-
teria.
Ternary associations are one of the most difficult concepts
to be detected and well represented in conceptual design. Ex-
amining the experimental exercises, four main common errors
were detected for this construct.
HAE (High Association Error): Cardinality Mistakes: This
error is produced when the students need to represent the
number of times an entity relates to other entities. This relation-
ship property is known as the cardinality constraint. Frequently,
novice designers are not able to specify cardinalities correctly.
The problem has its origin in the way in which they ask for the
participation of one entity in the context of the other two enti-
ties. These errors can be considered use or representation errors
according to the way in which novice designers carry out the
scheme. Sometimes they mix the minimum or/and maximum
cardinality constraint in one entity, causing a semantic loss,
and sometimes they partially or totally forget the cardinality
representation in one or more entities.
HAE : Representation With Binary Relationships: The at-
tempt to represent a ternary relationship by means of binary re-
lationships is a common error in use and detection activities.
The problem usually results in a lack of the necessary criteria to
provide the semantics specified by the requirements.
HAE : Lack of One or More Attributes in the Relationship:
Another common error in detecting, using, and representing this
construct is to leave out an attribute when it is specified in the
requirements. The problem is not only one of omitting it, but
also of designing this attribute as a property of one of the entities
instead of in the relationship.
HAE : Existence of Redundancies: Sometimes students
forget one of the most important axioms in the definition of a
conceptual schema: It must be nonredundant or have a con-
trolled redundancy. Respecting this means that the semantics
associated with any construct do not get duplicated. The non-
controlled redundancy can occur due to the fact that students
can model an alternative binary relationship to represent the
semantics associated with two of the three entities involved in
the ternary relationship.
Table I summarizes the percentage of errors for each former
predefined error in the ternary relationship construct.
The most common errors in the detection, use, and repre-
sentation of ternary relationships seem to be cardinality errors
(87.4%). The second most common error (made by 60.9% of
the students during the experiment) corresponds to the use of
a binary relationship instead of a ternary one. The design of a
schema with redundancy is the third usual error at 57.76%, and,
finally, only 13.68% of the students did not understand when3
TABLE I
ERRORS IN THE TERNARY RELATIONSHIPS DESIGN
Fig. 2. Cardinality constraints for the example in H -HAE .
an attribute should belong to a relationship. Looking at the re-
sults, it seems to be clear that ternary relationships are diffi-
cult to model and understand. In fact, the use and detection of
ternary relationships are the most difficult tasks in the abstrac-
tion process.
V. HEURISTICS DEFINITION
After the experiment, some heuristics for each common error
were formulated by experts in the field. In total, six heuristics
were proposed.
H -HAE (Heuristic 1 for Avoiding the HAE ): Be careful
when reading any requirements specification. When auxiliary
verbs such as “may” or “can” appear in the wording, it means a
minimum cardinality of zero. Experimental results on detecting
ternary relationships depending on familiar or unfamiliar do-
mains and the requirements for textual specification are shown
in [30].
H -HAE : The way to discover the cardinality of one entity
with respect to the others is to ask for the minimum and max-
imum participation of one entity when the two other entities are
fixed. For example, let there be three entities, Provider, Piece,
and Project, that keep to the following restrictions: One piece
for one project is supplied by at least one provider. A provider
can supply a piece to several projects, and a provider can supply
several pieces to one project. Fig. 2 displays the cardinalities of
the ternary relationship. For instance, the minimum and max-
imum cardinality for Provider are 1 and n (many), respectively,
because if it is asked how many providers can be involved in
the supplies relationship, fixing one piece and one project, the
answer is at least one (minimum cardinality 1), so it is possible
that it can have many (maximum cardinality n). The other car-
dinalities are found by following the same reasoning.
H -HAE : When a design decision has been adopted, a
careful study must be made in order to ensure that this decision
takes account of all the semantics and that the ternary rela-
tionship cannot be represented by three binary relationships.
For example, let there be three entities, Author, Topic, and
Book, that participate in the ternary relationship write, storing
(a)
(b)
Fig. 3. (a) Ternary relationship for the example in H -HAE . (b) Incorrect rep-
resentation with binary relationship.
(a)
(b)
Fig. 4. (a) Instances for the ternary relationship. (b) Instances for binary rela-
tionships obtaining from projection over ternary relationship.
information about which topics each author wrote about in
each book [Fig. 3(a)]. If a novice designer attempts to represent
these requirements with binary relationships [Fig. 3(b)], the
semantics represented could be different.
According to the data in the Fig. 4(a), Fig. 4(b) represents the
binary projections over the relationship write. If the query is:
“Topics covered by the AUTHOR#A1 in BOOK#B1,” then the
colored instances are obtained after the joint operation with the
binary relationships (AUTHOR#A1 writes about TOPIC#T1
and TOPIC#T2), while only the TOPIC#T1 in BOOK#B1 is
true as is shown in Fig. 4(a). Other counterexamples such as
“authors that have written about TOPIC#T2 in BOOK#B1” or
“books written by AUTHOR#A1 about TOPIC#T2” are found
when the query is formulated through binary relationships
[Fig. 3(b)]. Then, the instances shown in the tables in Fig. 4(a)
and (b) show that the semantics represented by the ternary
relationship could be different to the semantics represented by
the binary projections over the relationship write. 4
TABLE II
SATISFACTION QUESTIONNAIRE
Fig. 5. Attribute in ternary relationships for the example in H -HAE .
Fig. 6. Ternary relationship for the example in H -HAE .
Fig. 7. Additional binary relationship for the example in H -HAE .
H -HAE : A property is an attribute of a relationship when
its values make sense only when the relationship or association
exists. For example, the attribute date in Fig. 5 does not belong
to the entities Piece, Provider, or Project. This property belongs
to the relationship supplies. It only makes sense if the relation-
ship exists.
H -HAE : When a ternary relationship occurs, the designer
must check whether possible binary one-to-many or one-to-one
relationships between the entities allow the ternary relationship
to be refined. The example (Fig. 6) shows the reviews relation-
ship that represents an initial design for the assignment of papers
to reviewers in conferences.
In a second design iteration, the submit relationship appears,
representing that a paper is only submitted to one conference
(Fig. 7). This new constraint then allows the review relationship
to be decomposed as is depicted in Fig. 8.
Additionally, there are three relationships forming a cycle,
and a careful study must be performed of how to acquire the
information required by the semantic assumptions. If this can be
achieved in more than one way, the relationship that motivates
Fig. 8. Decompositions in Binary relationship.
Fig. 9. Redundant Binary relationship for the example in H -HAE .
the redundancy must be eliminated. In the cycle shown in Fig. 8,
there is no redundancy.
H -HAE : when a conceptual scheme contains both a
ternary relationship and a binary relationship between two of
the three entities included in the ternary relationship, it must
be determined whether the information that can be collected
in the binary relationship is also stored in the ternary rela-
tionship. If this is the case, the binary relationship must be
deleted. Fig. 9 shows a ternary relationship, assigned, among
“teacher,” “course,” and “topic,” showing how a topic in a
course is taught by several teachers, a teacher teaches a topic
in different courses, and, finally, a teacher in a course teaches
several topics. If a novice designer includes the teaches binary
relationship between “teacher” and “topic” (a teacher teaches
several topics, and a topic is given by several teachers), this new
relationship represents redundant data and has to be dropped
from the scheme.
VI. PHASE II: USING HEURISTICS
These heuristics were provided to the Database Design stu-
dents in 2006 and 2007, both via the e-learning platform and
in the classroom by the teacher. The students were then asked
to complete an exam including one exercise on conceptual mod-
eling and were asked to fill out a satisfaction questionnaire about
the heuristics (Table II). 5
Fig. 10. Results of ternary associations.
Ninety percent of the students answered affirmatively re-
garding the use of ternary relationships heuristics and indicated
that they would like to use heuristics for other conceptual con-
structs. The experimental results are shown in Fig. 10. The bar
charts show the percentage of errors before and after applying
the proposed heuristics; as can be seen, the number of errors
made by students was reduced by the use of the heuristics.
The most significant improvements were in the error HAE
(representation with binary relationships), at 39.95%; for cardi-
nality errors (HAE ) and the detection of attributes (HAE ) in
the relationship, 23.88% and 21.57% of the answers were cor-
rect, respectively, whereas the detection of redundancies error
only decreased by 2.26%. However, this is a significant result
given the difficulties of the redundancy analysis. To summarize,
this experimental study observed that the proposed heuristics
mainly helped the student in two activities in the abstraction
process: the detection and the use of ternary relationships.
VII. CONCLUSION
The work presented here helps novice designers in conceptual
modeling to avoid common errors in their schemas by applying
new methods in Database Design, a topic within the framework
of the European Space for Higher Education. The work studies
in-depth ternary relationships because, although this construct is
found in the real world, designers avoid their use because they
are difficult to detect, are complex both in use and representa-
tion, do not appear in some CASE Tools, and their implementa-
tion is usually handled by binary relationships.
The case study presented in this article is divided into two
phases. The first analyzes the systematic errors (independent of
the domain) in 250 exams, classified according to the abstraction
process, and proposes heuristics for improving the conceptual
model. The second proposes a set of heuristics and guidelines
to be considered during the modeling process. These heuristics
were incorporated into a Database Design e-learning platform.
The exams analysis carried out in the first step and new exams
taken by students using the proposed heuristics permitted the er-
rors made by the novice designers before and after these recom-
mendations to be compared. In addition, student questionnaires
allowed the heuristics to be fine-tuned. The proposed heuristics
reduced the percentage of errors in detection and use, the two
most frequent forms of errors.
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